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In a fifth aspect, the invention features a method for decreasing 
necrosis, involving contacting a cell with a chemical compound having the 
formula: 



wherein each R, is independently selected from the group consisting of 
hydrogen, carboxy, methyl, hydroxyl, methoxyl, amino, and nitro; Rj is 
selected from the group consisting of hydrogen, alkyl, and acyl; R 3 is selected 
from the group consisting of alkyl, acyl, halogen, hydrogen, or hydroxyl; R* is 
selected from the group consisting of methyl, hydroxyl, carboxyl, and linear 
and branching alkyl groups; X is selected from the group consisting of =0, - 
OH and -H; Y is selected from the group consisting of =S and -SR 5 , where R 5 
is either hydrogen or an alkyl group; and each of the bonds (a), (b), and (c) 
independently is either a double or single bond, provided, however, that bond 
(a) and bond (b) are not both double bonds. 




r 

•N 
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In a preferred embodiment of the fifth aspect of the invention, in the 
compound each R, is hydrogen; R 2 and R 3 are each hydrogen; R 4 is a methyl 
group; X is =0; Y is =S; bond (a) is a double bond; and bonds (b) and (c) are 
each single bonds. 

5 In another embodiment, the acyl group of R, or R 3 is selected from 

the group consisting of: 

H3C — c » or 



In other embodiments, in the compound if R, is a hydrogen, then R 2 
and R 3 are not each hydrogen; or R4 is not a methyl group; or X is not =0; or Y 
is not =S; or bond (a) is not a double bond; or bonds (b) and (c) are not each 

15 single bonds. If R 2 is a hydrogen, then R, is a not a hydrogen, or R 3 is not a 
hydrogen; or R4 is not a methyl group; or X is not =0; or Y is not =S; or bond 
(a) is not a double bond; or bonds (b) and (c) are not each single bonds. If R 3 
is a hydrogen, then R, is a not a hydrogen, or R 2 is not a hydrogen; or R, is not 
a methyl group; or X is not =0; or Y is not =S; or bond (a) is not a double 

20 bond; or bonds (b) and (c) are not each single bonds. If R 4 is a methyl group, 
then R, is a not a hydrogen, or Rj and R 3 are not each not a hydrogen; or X is 
not =0; or Y is not =S; or bond (a) is not a double bond; or bonds (b) and (c) 
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are not each single bonds. 

In other embodiments, if X is =0, then R, is a not a hydrogen, or R 2 
and R 3 are not each not a hydrogen; or R 4 is not a methyl group; or Y is not =S; 
or bond (a) is not a double bond; or bonds (b) and (c) are not each single 
5 bonds. If Y is =S, then R, is a not a hydrogen, or Rj and R 3 are not each not a 
hydrogen; or is not a methyl group; or X is not =0; or bond (a) is not a 
double bond; or bonds (b) and (c) are not each single bonds. 

In yet other embodiments, if bond (a) is a double bond, then R, is a 
not a hydrogen, or R 2 and R 3 are not each not a hydrogen; or R4 is not a methyl 
10 group; or X is not =0; or Y is not =S; or bonds (b) and (c) are not each single 
bonds. If bond (b) is a single bond, then R, is a not a hydrogen, or Rj and R 3 
are not each not a hydrogen; or R,, is not a methyl group; or X is not =0; or Y 
is not =S; bond (a) is not a double bond or bond (c) is not a single bond. If 
bond (c) is a single bond, then R, is a not a hydrogen, or R 2 and R 3 are not each 
15 not a hydrogen; or R* is not a methyl group; or X is not =0; or Y is not =S; 
bond (a) is not a double bond or bond (b) is not a single bond. 

In a sixth aspect, the invention features a method for decreasing 
necrosis, involving contacting a cell with a chemical compound having the 
formula: 



20 wherein each of X, and X 2 is independently selected from the group consisting 
of =0, -OH and -H; R, is selected from the group consisting of hydrogen and a 
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hydroxyl; Rj is selected from the group consisting of hydrogen, sulfate, nitro, 
and halide; and the bond (a) is either a single or double bond. 

In a preferred embodiment of the sixth aspect of the invention, in the 
compound each of X, and X 2 is =0; R, is a hydroxyl group; R 2 is a nitro group; 
5 and the bond (a) is a double bond. 

In other preferred embodiments of the sixth aspect of the invention, 
if Xj is =0, then X 2 is not =0; or R, is not a hydroxyl group; or R 2 is a not a 
nitro group; or the bond (a) is not a double bond. If Xa is =0, then X, is not 
=0; or R, is not a hydroxyl group; or R 2 is not a nitro group; or the bond (a) is 

10 not a double bond. If R, is a hydroxyl group, then each of X, and X 2 are not 
=0; or R 2 is a not a nitro group; or the bond (a) is not a double bond. If R 2 is a 
nitro group, then each of X, and X 2 are not =0; or R, is not a hydroxyl group; 
or the bond (a) is not a double bond. If the bond (a) is a double bond, then 
each of X, and Xj are not =0; or Rl is not a hydroxyl group; or R 2 is a not a 

15 nitro group; or the bond (a) is not a double bond. 
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In a seventh aspect, the invention features a method for decreasing 
necrosis, involving contacting a cell with a chemical compound having the 
formula: 




wherein each R, and R 2 is independently selected from the group consisting of 
hydrogen, amino, halide, and hydroxyl; Rj is selected from the group 
consisting of hydrogen and methyl; and the bond (a) is either a single or double 
bond. 

In a preferred embodiment of the seventh aspect of the invention, in 
the compound each R, is hydrogen; Rj is fluorine; R 3 is a methyl group; and 
the bond (a) is a double bond. 

In other embodiments of the seventh aspect of the invention, if R, is 
a hydrogen, then Rj is not fluorine; or R 3 is not a methyl group; or the bond (a) 
is not a double bond. If R 2 is a fluorine, then R, is not hydrogen; or R 3 is a not 
a methyl group; or the bond (a) is not a double bond. If R 3 is a methyl group, 
then R, is not hydrogen, or Rj is not fluorine; or the bond (a) is not a double 
bond. If the bond (a) is a double bond, then R, is not hydrogen, or R 2 is not 
fluorine; or R 3 is not a methyl group. 
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In an eighth aspect, the invention features a method for decreasing 
necrosis, involving contacting a cell with a chemical compound having the 
formula: 



X 




wherein each R is independently selected from the group consisting of H or 
CH 3 ; the bond (a) is either a single or double bond; the bond (b) is either a 
single or double bond; and X is selected from the group consisting of =0, -OH 
and-H. 

In a preferred embodiment of the eighth aspect of the invention, in 
the compound each R is CH 3 ; the (a) and (b) bonds are each a double bond; 
and X is =0. 

In other embodiments of the eighth aspect of the invention, if each R 
is CH 3 , then the bonds (a) and (b) are not each a double bond; or X is not =0. 
If the double bond (a) is a double bond, then each R is not CH 3 ; or the bond (b) 
is not a double bond; or X is not =0. If the bond (b) is a double bond, then 
each R is not CH 3 ; or the bond (a) is not a double bond; or X is not =0. If X is 
=0, then R is not CH 3 , or the bonds (a) and (b) are not each a double bond. 

In a preferred embodiment of any of the fifth, sixth, seventh, or 
eighth aspects of the invention, the cell is capable of undergoing necrosis in 
the presence of zVAD-fmk and TNFa. In another preferred embodiment, the 
cell is capable of undergoing necrosis in the presence of zVAD-fmk and 
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DMSO. In yet another preferred embodiment, the cell is mammalian, such as a 
human or rodent cell. In yet another preferred embodiment, the cell is a 
neuron, hi still another preferred embodiment, the compound is in a 
pharmaceutically acceptable carrier. 

In a ninth aspect, the invention features a method for treating a 
condition in a subject, involving the steps of administering a chemical 
compound having the formula: 



to the subject, in a dosage sufficient to decrease necrosis, wherein each R, is 
independently selected from the group consisting of hydrogen, carboxy, 
methyl, hydroxyl, methoxyl, amino, and nitro; R 2 is selected from the group 
consisting of hydrogen, alkyl, and acyl; R 3 is selected from the group 
consisting of alkyl, acyl, halogen, hydrogen, or hydroxyl; R, is selected from 
the group consisting of methyl, hydroxyl, carboxyl, and linear and branching 
alkyl groups; X is selected from the group consisting of =0, -OH and -H; Y is 
selected from the group consisting of =S and -SR 5 , where R 5 is either hydrogen 
-15- 
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or an alkyl group; and each of the bonds (a), (b), and (c) independently is either 
a double or single bond, provided, however, that bond (a) and bond (b) are not 
both double bonds. 

In a preferred embodiment of the ninth aspect of the invention, in 
the compound each R, is hydrogen; R 2 and R 3 are each hydrogen; R 4 is a 
methyl group; X is =0; Y is =S; bond (a) is a double bond; and bonds (b) and 
(c) are each single bonds. 

In another embodiment, the acyl group of R, or R 3 is selected from 
the group consisting of: 



In other embodiments, in the compound if R, is a hydrogen, then R 2 
and R 3 are not each hydrogen; or R 4 is not a methyl group; or X is not =0; or Y 
is not =S; or bond (a) is not a double bond; or bonds (b) and (c) are not each 
single bonds. If R 2 is a hydrogen, then R, is a not a hydrogen, or R 3 is not a 
hydrogen; or R< is not a methyl group; or X is not =0; or Y is not =S; or bond 
(a) is not a double bond; or bonds (b) and (c) are not each single bonds. If R 3 
is a hydrogen, then R, is a not a hydrogen, or R 2 is not a hydrogen; or R, is not 
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a methyl group; or X is not =0; or Y is not =S; or bond (a) is not a double 
bond; or bonds (b) and (c) are not each single bonds. If is a methyl group, 
then R, is a not a hydrogen, or R 2 and R 3 are not each not a hydrogen; or X is 
not =0; or Y is not =S; or bond (a) is not a double bond; or bonds (b) and (c) 
are not each single bonds. 

In other embodiments, if X is =0, then R, is a not a hydrogen, or Rj 
and R 3 are not each not a hydrogen; or R 4 is not a methyl group; or Y is not =S; 
or bond (a) is not a double bond; or bonds (b) and (c) are not each single 
bonds. If Y is =S, then R, is a not a hydrogen, or R 2 and R 3 are not each not a 
hydrogen; or R4 is not a methyl group; or X is not =0; or bond (a) is not a 
double bond; or bonds (b) and (c) are not each single bonds. 

In yet other embodiments, if bond (a) is a double bond, then R, is a 
not a hydrogen, or R 2 and R 3 are not each not a hydrogen; or R, is not a methyl 
group; or X is not =0; or Y is not =S; or bonds (b) and (c) are not each single 
bonds. If bond (b) is a single bond, then R, is a not a hydrogen, or Rj and R 3 
are not each not a hydrogen; or R, is not a methyl group; or X is not =0; or Y 
is not =S; bond (a) is not a double bond or bond (c) is not a single bond. If 
bond (c) is a single bond, then R, is a not a hydrogen, or R 2 and R 3 are not each 
not a hydrogen; or R 4 is not a methyl group; or X is not =0; or Y is not =S; 
bond (a) is not a double bond or bond (b) is not a single bond. 



WO 01/28493 



PCT/US00/28475 



In a tenth aspect, the invention features a method for treating a 
condition in a subject, involving the steps of administering a chemical 
compound having the formula: 




to the subject, in a dosage sufficient to decrease necrosis, wherein each of X, 
and Xj is independently selected from the group consisting of =0, -OH and -H; 
R, is selected from the group consisting of hydrogen and a hydroxyl; Rj is 
selected from the group consisting of hydrogen, sulfate, nitro, and halide; and 
the bond (a) is either a single or double bond. 

In a preferred embodiment of the tenth aspect of the invention, in the 
compound each of X, and X 2 is =0; R, is a hydroxyl group; Rj is a nitro group; 
and the bond (a) is a double bond. 

In other embodiments of the tenth aspect of the invention, if X, is 
=0, then X 2 is not =0; or R, is not a hydroxyl group; or R 2 is a not a nitro 
group; or the bond (a) is not a double bond. If X 2 is =0, then X, is not =0; or 
R, is not a hydroxyl group; or R 2 is not a nitro group; or the bond (a) is not a 
double bond. If R, is a hydroxyl group, then each of X, and X 2 are not =0; or 
R 2 is a not a nitro group; or the bond (a) is not a double bond. If R 2 is a nitro 
group, then each of X, and are not =0; or R, is not a hydroxyl group; or the 
bond (a) is not a double bond. If the bond (a) is a double bond, then each of 
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X, and X 2 are not =0; or RI is not a hydroxyl group; or R 2 is a not a nitro 
group; or the bond (a) is not a double bond. 

In an eleventh aspect, the invention features a method for treating a 
condition in a subject, involving the steps of administering a chemical 
compound having the formula: 




to the subject, in a dosage sufficient to decrease necrosis, wherein each R, and 
R 2 is independently selected from the group consisting of hydrogen, amino, 
halide, and hydroxyl; R 3 is selected from the group consisting of hydrogen and 
methyl; and the bond (a) is either a single or double bond. 

In a preferred embodiment of the eleventh aspect of the invention, in 
the compound each R, is hydrogen; R 2 is fluorine; R 3 is a methyl group; and 
the bond (a) is a double bond. 

In other embodiments of the eleventh aspect of the invention, if R, is 
a hydrogen, then R 2 is not fluorine; or R 3 is not a methyl group; or the bond (a) 
is not a double bond. If R 2 is a fluorine, then R, is not hydrogen; or R 3 is a not 
a methyl group; or the bond (a) is not a double bond. If R 3 is a methyl group, 



-19- 



WO 01/28493 



PCT/US00/28475 



then R, is not hydrogen, or R, is not fluorine; or the bond (a) is not a double 
bond. If the bond (a) is a double bond, then R, is not hydrogen, or R, is not 
fluorine; or R 3 is not a methyl group. 

In a twelfth aspect, the invention features a method for treating a 
condition in a subject, involving the steps of administering a chemical 
compound having the formula: 



X 




to the subject, in a dosage sufficient to decrease necrosis, wherein each R is 
independently selected from the group consisting of H or CH 3 ; the bond (a) is 
either a single or double bond; the bond (b) is either a single or double bond; 
and X is selected from the group consisting of =0, -OH and -H. 

In a preferred embodiment of the twelfth aspect of the invention, in 
the compound each R is CH 3 ; the (a) and (b) bonds are each a double bond; 
and X is =0. 

In other embodiments of the twelfth aspect of the invention, if each 
R is CH 3 , then the bonds (a) and (b) are not each a double bond; or X is not 
=0. If the double bond (a) is a double bond, then each R is not CH 3 ; or the 
bond (b) is not a double bond; or X is not =0. If the bond (b) is a double 
bond, then each R is not CH 3 ; or the bond (a) is not a double bond; or X is not 
=0. If X is =0, then R is not CH 3 , or the bonds (a) and (b) are not each a 
double bond. 
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In a preferred embodiment of any of the ninth, tenth, eleventh, or 
twelfth aspects of the invention, the condition is a neurodegenerative disease. 
Most preferably the neurodegenerative disease is selected from the group 
consisting of Alzheimer's disease, Huntington's disease, cerebral ischemia, 
stroke, amyotropic lateral sclerosis, multiple sclerosis, Lewy body disease, 
Menkes, disease, Wilson disease, Creutzfeldt-Jakob disease, and Fahr disease. 
In other preferred embodiments, the condition is ischemic brain or heart injury, 
or head trauma. In another preferred embodiment, the subject is a mammal, 
such as a human or a rodent. 

In a thirteenth aspect, the invention features a method for identifying 
a compound that decreases necrosis, involving the steps of: providing a cell in 
which apoptosis is prevented; contacting the cell with a first compound that 
causes a cell to undergo necrosis; contacting the cell with a second compound; 
and measuring necrosis relative to a control cell, wherein a decrease in necrosis 
indicates that the second compound decreases necrosis. 

In a preferred embodiment of the thirteenth aspect of the invention, 
apoptosis is prevented by contacting the cell with zVAD-fmk. In another 
preferred embodiment, the first compound is TNFa or DMSO. 

It will be appreciated that any of the R, X, or Y groups of the 
compounds of the invention, or of the compounds used in any method of the 
invention may be alkyl derivatives or contain alkyl linkers. 

As used herein, by "decreasing necrosis" is meant reducing the 
number of cells which undergo necrosis relative to a control cell, receiving a 
cell death stimulus, such as TNFa/zVAD-fmk or DMSO/zVAD-fmk without a 
candidate small molecule inhibitor. Preferably necrosis is decreased 10% 
relative to a control. More preferably necrosis is decreased 50% relative to a 
control. Most preferably necrosis is decreased 90% relative to a control. 
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Preferably a decrease in necrosis is tested by determining the ATP level in a 
cell which has received a test compound, such as a compound from a chemical 
library, and comparing it to the ATP level in a control cell. Necrosis is 
decreased in a cell treated with a test compound in which the ATP level does 
not decrease as much as it does in the control cell. 

By "test compound" is meant a chemical, be it naturally-occurring or 
artificially-derived, that is surveyed for its ability to modulate the level of 
necrosis by employing one of the assay methods described herein. Test 
compounds may include, for example, peptides, polypeptides, synthesized 
organic molecules, naturally occurring organic molecules, nucleic acid 
molecules, and components thereof. 

By "cell death" is meant the death of a cell by either apoptosis or 



necrosis. 



As used herein, by "necrosis" is meant caspase-independent cell 
death characterized by cellular ATP depletion. Preferably the cell is depleted 
of ATP 10% relative to a control cell, receiving vehicle only (for example, 
DMSO). More preferably, the cell is depleted of ATP 50% relative to a 
control cell. Most preferably, the cell is depleted of ATP 90% relative to a 
control cell. Preferably, necrosis is tested by determining the ATP level in a 
cell which has received a compound, for example, zVAD-fmk, DMSO, or 
TNFa, and comparing it to the ATP level in a cell receiving vehicle only. 
Necrosis occurs in a cell treated with a test compound in which the ATP level 
decreases relative to the control cell. 
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Necrosis may be liquifactive, may affect adipose or hepatic tissue, 
and may be caseous or fibrinoid. A cell may undergo necrosis in response to 
ischemic cell injury or viral infection. 

By "caspase-independent cell death" is meant cell death that occurs 
when apoptosis is prevented. Apoptosis may be prevented by contacting a cell 
with a caspase inhibitor such as zVAD-fmk at a concentration sufficient 
enough that the cell survives when stimulated to undergo apoptosis, for 
example, by treatment with an apoptosis-promoting drug or ionizing radiation. 

By "apoptosis" is meant cell death characterized by any of the 
following properties: nuclear condensation, DNA fragmentation, membrane 
Webbing, or cell shrinkage. 

By "modulation of intracellular signaling pathways mediated by 
TNFa" is meant a change in the communication between components of a cell 
in response to contacting the cell with TNFa. The change may be in the way 
or duration in which proteins within the cell interact, or the way or duration in 
which proteins are altered, such as by phosphorylation or dephosphorylation, 
or in the way or duration in which proteins interact with DNA. 

By "modulation of intracellular signaling pathways mediated by 
DMSO" is meant a change in the communication between components of a 
cell in response to contacting the cell with DMSO. The change may be in the 
way or duration in which proteins within the cell interact, or the way or 
duration in which proteins are altered, such as by phosphorylation or 
dephosphorylation, or in the way or duration in which proteins interact with 
DNA. 

By "treating" is meant to submit or subject an animal, cell, lysate or 
extract derived from a cell, or a molecule derived from a cell to a test 
compound that decreases necrosis. 
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By "condition" is meant a state of being or feeling. Conditions 
include, but are not limited to, neurodegenerative disease, stroke, liver disease, 
pancreatic disease, ischemic brain or heart injury or other ischemic injuries, 
head trauma, a necrotic ulceration, septic shock, coronary heart disease, 
gastrointestinal disease, tuberculosis, alteration of blood vessels, viral infection 
(e.g., HIV infection or AIDS), or conditions associated with HIV infection or 
AIDS. 

By "neurodegenerative disease" is meant a disease characterized by 
neuronal cell death. Examples of neurodegenerative diseases include, but are 
not limited to, Alzheimer's disease, Huntington's disease and related 
polyglutamine expansion diseases, cerebral ischemia, stroke, amyotropic lateral 
sclerosis, multiple sclerosis, Lewy body disease, Menkes disease, Wilson 
disease, Creutzfeldt-Jakob disease, and Fahr disease. 

By "neuron" is meant a cell of ectodermal embryonic origin derived 
from any part of the nervous system of an animal. Neurons express well- 
characterized neuron-specific markers which include neurofilament proteins, 
MAP2, and class m P-tubulin. Included as neurons are, for example, 
hippocampal, cortical, midbrain dopaminergic, motor, sensory, sympathetic, 
septal cholinergic, and cerebellar neurons. 

By a "dosage sufficient to decrease necrosis" is meant an amount of 
a chemical compound or small molecule which when administered to a subject 
will decrease necrosis. Preferably necrosis is decreased in the subject 10% 
relative to an untreated subject. More preferably necrosis is decreased in the 
subject 50% relative to an untreated subject. Most preferably necrosis is 
decreased in the subject 90% relative to an untreated subject. 
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As used herein, by "measuring necrosis" is meant detennining if a 
cell is dying through necrosis, in the presence of a compound, compared to a 
cell which is not in the presence of the compound (control cell). Necrosis can 
be measured by detennining cellular ATP levels, wherein a cell that is 
5 undergoing necrosis has a decreased level of cellular ATP compared to a 
control cell. Necrosis may also be measured by staining with a vital dye, for 
example, trypan blue, wherein a cell which is necrosing will be stained with 
the vital dye, and a cell which is not necrosing will not be stained with the dye. 

By a "derivative" is meant a structural derivative having a chemical 
modification of the compound which does not reduce the ultimate level of 
necrosis, but which does enhance bioavailability, solubility, or stability in vivo 
or ex vivo or which reduces the toxicity or dosage required. Such 
modifications are known to those skilled in the field of medicinal chemistry. 

The present invention provides a number of advantages. For 
example, the methods described herein allow for a decrease in cell death 
occurring through a necrosis pathway. The invention also provides 
compounds and methods for treating diseases in which necrosis occurs. These 
compounds and methods can be used to treat conditions such as a 
neurodegenerative disease, stroke, liver disease, pancreatic disease, ischemic 
heart or brain injury or other ischemic injuries, head trauma, septic shock, 
coronary heart disease, gastrointestinal disease, tuberculosis, alteration of 
blood vessels, viral infection, such as HIV or AIDS, or conditions associated 
with a viral infection such as HTV or AIDS. 

Other features and advantages of the invention will be apparent from 
the following detailed description and from the claims. 
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Brief Descri ption of the Drawin g 
Fig. 1 is a schematic representation of the chemical structure of a 
molecule which may beused to decrease necrosis. In this chemical structure 
each R, is independently selected from the group consisting of hydrogen 
methyl, carboxy, hydroxy!, methoxyl, amino, and nitro; R 2 is selected from the 
group consisting of hydrogen, alkyl, and acyl; R 3 is selected from the group 
consisting of alkyl, acyl, halogen, hydrogen, or hydroxyl; R, is selected from 
the group consisting of methyl, hydroxyl, carboxyl, and linear and branching 
alkyl groups; X is selected from the group consisting of =0, -OH and -H; Y is 
selected from the group consisting of =S and -SR 5 , where R, is either 
hydrogen or an alkyl group; and each of the bonds (a), (b), and (c) 
independendy is either a double or single bond, provided, however, that bond 
(a) and bond (b) are not both double bonds. 

Fig. 2 is a schematic representation of the chemical structure of 
chemical compound ID number 115807 from the ChemBridge chemical 
compound library. 

Fig. 3 is a schematic representation of the chemical structure of a 
molecule which may be used to decrease necrosis. In this chemical structure, 
each of X, and X 2 is independently selected from the group consisting of =0 - 
OH and -H; R, is selected from the group consisting of hydrogen and a 
hydroxyl; R, is selected from the group consisting of hydrogen, sulfate, nitro 
and halide; and the bond (a) is either a single or double bond. 

Fig. 4 is a schematic representation of the chemical structure of 
chemical compound ID number 115681 from the ChemBridge chemical 
compound library. 
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Fig. 5 is a schematic representation of the chemical structure of a 
molecule which may be used to decrease necrosis. In this chemical structure 
each R, and R 2 is independently selected from the group consisting of 
hydrogen, amino, halide, and hydroxyl; R 3 is selected from the group 
5 co ^ofhydrogen^^ 
bond. 

Fig. 6 is a schematic representation of the chemical structure of 
chemical compound ID number 210227 from the ChemBridge chemical 
compound library. 

1 Fig. 7 is a schematic representation of the chemical structure of a 

molecule which may be used to decrease necrosis. In this chemical structure 
each R is independently selected from the group consisting of H or CH 3 - the 
bond (a) is either a single or double bond; the bond (b) is either a single or 
double bond; and X is selected from the group consisting of =0, -OH and -H. 

Fig. 8 is a schematic representation of the chemical structure of 
chemical compound ID number 215686 from the ChemBridge chemical 
compound library. 

Detailed Description of the Invention 
Described herein are methods for decreasing necrosis, as well as for 
treatingaconditioninasubject. Techniques for carrying out the methods of 
the invention are now described in detail. 

Identification of Chemical Compound , h , t Decrease Cell Npp _. c 

Assays that measure cell necrosis may be used to facilitate the 
identification of molecules that decrease necrosis induced by stimuli, such as 
zVAD-fmJc/TNFa. In one approach, zVAD-fmk is added to the culture media 
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of cells at high density (for example, 5x10* or 7.5x10 s cells/ml), which are 
capable of undergoing necrosis in response to zVAD-rmkrtWa. Candidate 
molecules, for example, chemical compounds from the ChemBridge chemical 
library are added, in varying concentrations to the cells, and the cells are then 
5 exposed to TNFct. 

The occurrence of necrosis of the treated cells is then measured for 
example, by measuring the cellular ATP level of the cells exposed to zVAD- 
ftnk/TNFa (Crouch et al. J. Immunol. Methods 160:81-8, 1993; Storer et al 
Mutat. Res. 368:59-101, 1996; and Cree et al. Toxicol. /„ Vitro 1 1:553-556 
3 1997). The level of necrosis in the presence of the candidate molecule is 
compared to the level of necrosis in the absence of the candidate molecule, all 
other factors (e.g., cell type and culture conditions) being equal The 
importance of zVAD-fmk in the invention is to block cell death that may occur 
by apoptosis, so that cell death by necrosis can be fully unmasked. 

In a second approach, a cell may be exposed to a candidate molecule 
that decreases necrosis at the same time it is exposed to either zVAD-fmk or 
TNFa. In a third approach, a cell may be exposed to zVAD-fmk and TNFct 
first, and then to a candidate compound. The level of necrosis that occurs 
following each of these approaches is measured as described above. 

The effect of candidate molecules on necrosis induced by cell death 
stimuli, for example, zVAD-fmk/TNFa or zVAD-fmk/DMSO, may also be 
measured by other methods, for example, vital dye staining, using dyes such as 
trypan blue or acridine orange/ethidium bromide. 

Compounds that decrease necrosis may be purified or substantially 
punfied, or may be one component of a mixture of compounds, such as a pool 
of chemical compounds. In an assay of a mixture of compounds, the 
occurrence of necrosis is tested against progressively smaller subsets of the 
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compound poo! (e.g., produced by standard ^ ^ 

HPLC or FPLC) until a single compound or minimal number of effective 
compouttfeisdenumstrntedfadecroase necrosis. A molecule that promotes a 
te ^»»«rosi s induced by zVAIMm^ 
useful in the invention; such a molecule may be used, for example, as a 
mempeuticti, decrease necrosis, in a patient wifl, a condition in which necrosis 
occurs, such as a neurodegenerative disease. 

Chemical compounds that am found, by the methods described 
above, to effectively decrease necrosis ind nced , f or exampl( , by zVAD _ 
1 fakTNF.1 in an in vtov, system may be tested farther in animal models 
Pamcmariyusefa.^^^^^^^^^^ 

■schemic taain or heart injury or other ischemic injuries, head trauma, 
netuodegenerative diseases, coronary heart disease, and septic shod. 
Examples of such models include SOD or Huntington's disease gene 
tiansgenicmice, aud other known mode,s, such as those described by lieta. 
(Hum. Mol. Gene,. 8:1227-12236. !999), Levine er .1. (Neurosci. Res 
58:515-532, 1999), Vukosavic e, al. (J. Neurochem. 73:2460-2468 1999) 
Gruneya.Nemoi.Sci. 15 2suppl. 1:867-73. 1997), Deshmukh et al. (Am' J 
Physiol.273(4P,,):C1130-U35, 1 997),aud I sibashiera..a.Immun„ 1 
163:5666-5677,1999). Compounds which demonstrate an ability fa decmase 
necrosis inn, models may be used as therapeutics fa prevent necrosis, as 
appropriate. 



Identification nf rw;-., , ^ ^ ^ 

Induced Cell Nfemnri, 

25 ^^'-'■''^"tificationofchemicalcompoundsfaatdecmase 
cellnec«,sis induced, for example, by zVAD-imlc«MSO at a low coll density 
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(eg.. lxlO 5 cells/ml) is achieved essentially as described above, except, the 
inducer of necrosis is zVAD-fmk/DMSO, rather than zVAD-fmk/TNFa. 

Structural Derivatives ofChemicaj ^pounds that Decease Ne^osis 
The small molecules identified to decrease necrosis may be 
> structurally modified and subsequently used to decrease necrosis, or to treat a 
subject with a condition in which necrosis occurs. For example, the small 
molecules may be modified by any of the following processes: reduction of 
aliphatic double bonds; reduction of aliphatic ketones; substitution of nitro 
groups with protons, halides, or sulfates; reduction of C=0 double bonds in 
flavone rings; elimination of oxygens attached to flavone rings; substitution of 
methoxyl groups with hydroxyl groups; attachment of hydroxyl and amino 
groups to benzyl rings; reduction of C=N double bonds; elimination of a 
fluoride or its substitution with a hydroxyl or other halide group; substitution 
of a hydrogen with an alky, group; introduction of hydroxyl, methoxyl, amino, 
and mtro groups into the benzyl ring; reduction of the double bond in the 
position 2 of the indol; introduction of double bonds in the linker between 
indol and hydantoin moieties; reduction or alkylation of the thiourea moiety- 
reduction, alkylation, or acylation of the indol amino group; substitution of the 
hydantoin 3-methyl group with linear and branching alkyl groups of varying 
length, and with hydroxyl, methyl, or carboxyl functionalities; and reduction of 



The chemical compounds that decrease necrosis may be modified by 
one of the above processes or various combinations of the above processes 
The methods used to generate structural derivatives of the small molecules that 
25 decrease necrosis are readily known to those skilled in the fields of organic and 
medicinal chemistry. 
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Therapy 

A compound identified as capable of decreasing necrosis, using any 
of the methods described herein, may be administered to patients or animals 
wimaphannaceuticall^^^ 

' f0na Theche ™ c ^ com P° un ^foruseinsuchmempiesimybeprodu 

and isolated by any standard technique known to those in the field of medicinal 
chemistry. Conventional pharmaceutical practice may be employed to provide 
suitable formulations or compositions to administer the identified compound to 
patents suffering from a disease in which necrosis occurs. Administration 
may begin before the patient is symptomatic. 

Any appropriate route of administration may be employed. For 
example, the therapy may be administered either directly to the site of a 
predicted cell death event (for example, by injection) or systemically (for 
example, by any conventional administration technique). Administration of 
the compound may also be parenteral, intravenous, intraarterial, subcutaneous, 
intramuscular, intracranial, intraorbital, ophthalmalic, intraventricular, 
intracapsular, intraspinal, intracisternal, intraperitoneal, intranasal, aerosol, by 
suppositories, or oral administration. Therapeutic formulations may be in ihe 
form of liquid solutions or suspensions; for oral administration, formulations 
may be in the form of tablets or capsules; and for intranasal formulations, in 
the form of powders, nasal drops, or aerosols. The dosage of the therapeutic 
compounds in a pharmaceuticaUy-acceptable formulation depends on a number 
of factors, including the size and health of the individual patient. The dosage 
to deliver may be determined by one skilled in the art. 

Methods well known in the art for making formulations are found, 
for example, in "Remington: The Science and Practice of Pharmacy" ((19th 
ed.) ed. A.R. Gennaro AR., 1995, Mack Publishing Company, Easton, PA). 
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Populations for parent adrntoistmrion may, for example, contain 

events, »«^e wa«er, or s^ine, Hyalky^ ^ such 

Slyeol, oils of vegetable origin, or oydrogenated napmale^s. Bioc^mpadble 

b.odegradablelactidep^ymer.laottde/glycolide^l^ 

^ofmecompouada. Other p^y^p.^^ 
for compounds ma, decreases necrosis include ethylene-vinyl acetate 
copolymer particle,, osmotic pumps, implantable infusion systems and 
hposomes. Formulations for inhalation may contain excipients, for example, 
lactose, ormay be aqueous solutions containing, for example, 
po.yoxyedry,eoe-9-,aury, ether, g,ycocholate and deoxycholate, or may be oily 
solution for administration in me form of nasal drops, or as a gel. 

The methods and compounds of me present invention may be used 
•otreatanumberof diseases, as described above. Such methods arrf 
oomr^dsnu,ybeparticmar.y M efo,i„^ angiKhemicbrajnorheait 
orheadtrauma. These diseases would be exceUen, targets of such therapies as 
necrosis occurs in them. 

If desired, treatment with a compound identified according to the 

a dtsease characterized by cell dead,, such as tacrine hydrochtoride for the 
treatment of Alzheimer's disease, or interferon (Ma for the treatment of 
multiple sclerosis. 



Preventative Anti-Necrosis 



Therapy 



In a patient diagnosed with a heart disease (e.g., coronary heart 



25 disease or ischemic heart injury) or degenerative disease (< 



;e. g ., 



neurodegenerative disease, such as Alzheimer's disease or Hunting. 
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may I* administered by any stendard dosage and route of administiution (as 
described above). 

S Tl Km eUH>da of the iosaminvemioo nay be uaed to decrease 

~ofacel lo r t „ treatdis o Mere ^ wl ^. niiiaDy]iianimai ^ 

example, humans, domesric pets, or livestock. 

The following examples are provided to illustrate the invention 
These examples should not be construed as limiting. 

Example 1 

Cells Undergo Necrosis in Response to zVAD-ftnk and TNFo 

The cell lines U-937 and BALB/c 3T3 were assayed for the 
occurrence of necrose in response to the combined treahnen. of zVAD-fh* a 
^P-inhibitor.andTNFa.aceUdea.bstimu.ator. The cells (5xl0> cells/ml) 
wereexposedtezVAD. fi » k(I oo M M)andhun^TN R .( 4 o llg An 1)f o r72 
hours, toductionof necrosis was assayed by measuring the cellular ATP levels 
in response to TNFa (Crouch et al., supra, Storer et aL supra, and Cree et al 

Cells which underwent necrosis exhibited decreased cellular ATP 
levels relative to controls cells which received no treatment, zVAD-fmk «00 
■0 »<M)a,one,„rhuma„TN Rl( 40„g/ml,a.o„e. It was found that the cells 
underwent necrosis in response to treatment with zVAD-fink and TNFa The 
cells were also observed motphologically ror the occurrence of apoptosis or 
necrosis, for example, by analyzing the ce„s for .nembrane blobbing and 
nuclear condensation. 



-33- 



WO 01/28493 



PCT/US00/28475 



Example 2 

Identification of Small Molecules that Decrease Necrosis 

The U-937 cell line was used to screen a library of 16,000 small 
molecufcch^^ 

■ induced by exposure of the cell to zVAD-fmlc and TNFa. The library of 
chemical ^und, used in mis screen werefio^ 
Corporation, San Diego CA). 

In a primary screen, U-937 cells (5x10 s or 7.5x10 s cells/ml) were 
first exposed to zVAD-ftn* (100 .M). ^minutes later the same cells 
were exposed to a chemica, compound ftom the Horary (5 mg/ml, dissolved in 
0.1-0.5 „1 of DMSO, giving a final DMSO concentration of 0.3% to 1 5%) 
After an additional thirty minutes, TNFa (40 ng/ml) was added to the cell 
culture medium. The cells were then incubated at 37 °C for 72 hours, and were 
titen assayed for cellular ATP levels. Compounds which did not prevent a 
decrease in cellular ATP levels were compounds which did not prevent 
necroas m response to treatment of the cell with zVAD-ftnk and TNFa. 
Compounds which maintained cellular ATP levels were contends which 
blocked necrosis triggered by zVAD-ftnk and TNFa. 

As a result of the primary screen, 50 chemical compounds ftom the 
library were identified to decrease necrosis induced by zVAD-fink and TNFa 
These compounds were selected for a second round of screening for 
compounds that decrease necrosis induced by zVAD-fmk and TNFa. 

In a secondary screen, the compounds identified ftom the first 
screen, above, to decrease necrosis induced by zVAD-fmk ^ w werc 
25 assayedfortheirpotency. Serial dihmon of each chemical compound was 
performed and the compounds were admimstered to U-937 cells, as per the 
pnmary screen. The concentrations of each compound were 70 /rM, 23 fii/l 8 



20 
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MM, and 2.5 „M. The level of necrosis occurring in response to zVAD-fmk, 
TNFa, and the various concentrations of chemical compounds was assayed as 
described above for the primary screen. 

As a result of the secondary screen, four chemical compounds from 
the ChemBridge library: 115807, 1 1568 1,2 10227, and 2 15686 were identified 



to decrease necrosis in response to exposure of the cell to zVAD-fmk and 
TNFa. 



20 



Example 3 

Cells Are Protected From Necrosis Upon Exposure to zVAD-fmk and 
DMSO 

Exposure of low density U-937 cells (lxlO 5 cells/ml) to zVAD-fmk 
(100 fiM) and DMSO (0.5%) for 72 hours results in cell death by necrosis. 
The compounds identified to decrease cell necrosis triggered by zVAD-fmk 
and TNFa, compounds 115807, 115681,210227, and 215686 from the 
ChemBridge chemical library, were also evaluated for their ability to decrease 
cell necrosis induced by zVAD-fmk and DMSO. The cells (1x10 s cells/ml) 
were first exposed to zVAD-fmk, and then thirty minutes later to the above- 
identified small molecules that decrease necrosis. After an additional 30 
minutes, the cells were exposed to DMSO. Seventy-two hours after exposure 
to the compounds, cellular ATP levels were measured, as described above. 
All four chemical compounds that decreased necrosis induced by zVAD-fmk/ 
TNFa also decreased necrosis induced by zVAD-fmk/DMSO. 



-35- 



WO 01/28493 



PCT/US00/28475 



15 



20 



25 



Example 4 

lUe Role of Fas-associated Death Domain Pro,*,, m zVAD-tabTNFa- or 
aVAD-fmWDMSO-induced Necrosis 

A cell expressing a dominant negative fonn of the protein Fas- 
5 associated death domain (FADD) can also prevent a cell from undergoing 
necrosts in response to treatment with zVAD-fmkfTNFa- or zVAD- 
finWDMStt Juricat cells were stably transfected with a FADD-FKBP fusion 
construct (Kawahara A. e, al. J. Cell Biol. 143(5):1353-60, 1998). Normally 
soch ceils nndergo apoptosis when FADD is multimerized. However these 
' cells, in thepresenceof *e caspase inhibitor zVAD-fa*, fom 
^Ptosis, and instead undergo necrosis, thns establishing the dependence of 
apoptosis in this system on caspase activity and induction of necrosis in me 
absence of caspases. 

The stably transfected Jnrkat cells (500,000 cells/ml) were treated 

wiml00nMofFKBPdin Mri2 er(Ar ra idPl MI macen«caIs : „sed to sdmnlate 
FADD moWmeriaadon) in the presence of 100 „M of zVAD-fmk (pre-treated 
for 1 horn) and compounds from the library identified to decrease necrosis 
(dissolved in DMSO to give a final DMSO concentmtion of 0.5 %• added 30 
minutes after zVAD-fink) f or 48 houm. Cell viability waa men assessed by 
measuring cellular ATP level, The small molecules provided protection from 
necrosis induced in the presence of zVAD-fmk, bu, not from apoptosis 
mduced by FADD dimerizarion in the absence of zVAD-fmk. These resnits 
indicate mat FADD may be involved in mediadng necrosis in response to 
zVAD-fmfc/TNFa- or zVAD-fmtfDMSO. I, is possible mat the small 
molecules that decrease necrosis may function by interacting with FADD and 
dating FADD's normal function of promoting necrosis upon treatment of a 
cell with zVAD-ftnOTNFa- or zVAD-fmk/DMSO. 
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Example 5 

Id« n « B e, U .n.f htacen ^ rT ^ bofSi ^ 1MoleciiiesUMt 
Necrosis 

Molecules within a oell that interact with the small molecule 

toTOta ns between various 

P"*eins from a cel. and a small molecde uutt deceases necmsis, ideutifled 
^ngfofoemefoodsdescribedabove. To identify p^ina ta interact 
t* a small molecule flu,, deceases neensis, foe small molecule may be 
bound to .bead,usi„gm«h^ k „ow„ t<>thoses|dlIedintlHjart ^ 
sbategy should be earned out using proteins from ceUs which have been 
exposed to zVAD-fink/TNFa- or zVAD-fmk/DMSO. 

In one strategy, the signing complex containing FADD, among 
15 It ^7' "* immU "«^ — - techniques known 
'5 "^^infl^ari.Tmacomp.exmayfl^beadded^fl.ebeads 
contaimng the desired smal. molecule compound tha, decreases necrosis 
Proteins that interact with the small molecule mat decreases necrosis may be 
■dentined by Western b,o, detection of proteina contained in the complex or 

oto ^-s 1 m„w„ to m <) seskmed i „me„eld„fmo.ecu.axbi„logy.'Any 
detected binding interactions indicate that the target of the small mofcefoe that 
decreases necrosis is present in the immtmoprecipitated FADD complex. 

In a second strategy for identifying targets of a small molecule that 
decreases necrosis, a cell may be fractionated, and foe various fractionated 
pools may be assayed for interaction with foe chemical compound using 
stendard moiecular biology techniques. A poo, „f p^ which ^ 
wtfo the small molecule that deceases necrosis indicates thatthe poo. contains 
a protem foa, is a forge, of foe smal, molecu.e that decreases necrosis. The 
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targe, of the smal , molecule that decree nectosis may be isolated using 
techniques known to those skilled in the art 

A third strategy involves small pool expression screening systems 
Targes of a smaU molecule that decreases nec^sis can be identified from auy 
5 celi m which the small molecule protect cells from necrosis triggered by 
zVAD-fmk/TMFa- or zVAD-fmk/DMSO. This meUxxi for identifying targete 
of small molecules mat decrease necrosis can be done, for example, according 
tomernemodsofLustigctal.(MetJ,odsinBn2ymology283:83-99 1997) fo 
mis method a cDNA library is made from a desired cell line, or any other 
10 desimdsource. The cDNA library is then divided into pools of 100 clones 
and the cDNAs are transcribed and translated to form proteins pools for the 
detection of intemcdons between a protein and a small molecule that deceases 
necrosrs. Interactions between the smal, molecules that decree necrosis and 
pools of library proteins can be detected using standard molecular biology 
15 techniques, for example, SDS-PAGE. 

Example 6 

Stroctaral Derivatives of Small Molecules that Decrease Necrosis 

The following modifications of the small molecules that decrease 
necrosis may be made and evaluated for their efficacy in decreasing necrosis 
20 '"example, thai induced by z VAD-fm^ 

The chemical compound 1 15807 may be modified by the 

otto the benzyl rteg (for example, at any or all of theR, positions of Rg ,) 
Double bonds may be introduced i„ th e lmker between indol and hydantoin 
25 moieties (forexample, in Fig. 1, bonds (a), (b), or (o) may be double bonds 
provided that not both bonds (a) and (b) are double bonds). The thiourea 
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motety may be reduced or alkylated (for example, me moiety may be -SH or 
SR„ wherein R, is an alkyl group). The indol amino group may be reduced, 
alkylated, or acylated (for example, in Kg. 1, R, may be CH3, CHrfCTy 
where „ is between I and 4 and, HOOC^CHJ., where n i 8 between 1 J 4, 



In addition, the hydantoin 3-methyl group may be substituted with linear or 
branching alkyl groups of varying length, and with hydroxyl, methyl, or acyl 
fonctionalitiesCforexamplemefollowinggroupsmaybepresentatm^ 
position of Fig. 1; CH 3 , CI^CHA where n is between 1 and 4, OH, or HOOC- 
(CH 2 )„-, wherein n is between 1 and 4. In addition, the linker CH 2 group 
between the indol and hydantoin moieties can be alkylated, acylated 
halogenated, or hydroxylated (for example, in Fig. 1, R, may be CH 3 ' 
CH 3 (CH 2 ) n , where n is between 1 and 4, HOOC-(CH 2 )„, where n is between 1 
and 4, 
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hydrogen. 

The chemical compound 210227 may be modified by the attachment 
of a halide, or hydroxyl or amino groups to either or both of the benzyl rings 
(for example, in the R, or R 2 positions of Kg. 5). The C=N double bond may 
be reduced, or the fluoride may be ehminated or substituted with a hydroxyl 
group or other halide. 

The chemical compound 215686 may be modified by reducing the 
two central aliphatic double bonds, together, or each one individually The 
ketone may also be reduced, or the methoxyl groups may be substituted with 
hydroxy] groups, each individually, or together. 

The chemical compound 115681 may be modified in the following 
ways. The aliphatic double bond or the aliphatic ketone may be may be 
reduced. The nitro group may be substituted with a proton, halide, or sulfate. 
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The C=G double bond i„ the flaTOne ring ^ h ^ ^ ^ of ^ 
of Ihe oxygens attached to the flavone may also be eliminated. 
What is claimed is: 
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1. A chemical compound in a pharmaceutically acceptable carrier, 
said compound having the formula: 




wherein 



each R, is independendy selected from the group consisting of 

hydrogen, methyl, carboxy, hydroxyl, methoxyl, amino, and nitro; 

R 2 is selected from the group consisting of hydrogen, alkyl, and acyl; 

R 3 is selected from the group consisting of alkyl, acyl, halogen, 

hydrogen, or hydroxyl; 
R4 is selected from the group consisting of methyl, hydroxyl, 
carboxyl, and linear and branching alkyl groups; 
X is selected from the group consisting of =0, -OH and -H; 
Y is selected from the group consisting of =S and -SR 5 , where R 5 is 
either hydrogen or an alkyl group; and 

each of the bonds (a), (b), and (c) independently is either a double or 
single bond, provided, however, that bond (a) and bond (b) are not 
both double bonds. 
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2. The compound of claim 1, wherein 

each R, is hydrogen; 

R 2 and R 3 are each hydrogen; 

R4 is a methyl group; 

Xis=0; 

Yis=S; 

bond (a) is a double bond; and 

bonds (b) and (c) are each single bonds. 
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3. A compound in a pharmaceutical^ acceptable earner, said 
compound having the formula: 




wherein 

each of X, and X, is independently selected from the group 
consisting of =0, 

-OH and -H; 

R, is selected from the group consisting of hydrogen and a hydroxyl; 
R, is selected from the group consisting of hydrogen, sulfate, nitro, ' 
and halide; and 

the bond (a) is either a single or double bond. 

4. The compound of claim 3, wherein 

eachofX,andX 2 is=0; 

R| is a hydroxyl group; 

R2 is a nitro group; and 

the bond (a) is a double bond. 
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5. A chemical compound in a pharmaceutical^ acceptable c 
said compound having the formula: 




wherein 

each R, is independently selected from the group consisting of 
hydrogen, amino, halide, and hydroxyl; 

R, is selected from the group consisting of hydrogen, halide, and 

hydroxyl; 

R 3 is selected from the group consisting of hydrogen and methyl; and 
the bond (a) is either a single or double bond. 

6. The compound of claim 5, wherein 

each R, is hydrogen; 

R 2 is fluorine; 

R ? is a methyl group; and 

the bond (a) is a double bond. 
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7. A chemical compound in a phannaceutically acceptable 
said compound having the formula: 




wherein 



CH 3 ; 



each R is independently selected from the group consisting of H o 

the bond (a) is either a single or double bond; 

the bond (b) is either a single or double bond; and 

X is selected from the group consisting of =0, -OH and -H. 



8. The compound of claim 7, wherein 
each R is CH 3 ; 

the (a) and (b) bonds are each a double bond; and 
X is =0. 
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wherein 

each R, is independently selected from the group consisting of 

hydrogen, methyl, carboxy, hydroxyl, methoxyl, amino, and nitro; 

R2 is selected from the group consisting of hydrogen, alkyl, and acyl; 

R 3 is selected from the group consisting of alkyl, acyl, halogen, 

hydrogen, or hydroxyl; 
R 4 is selected from the group consisting of methyl, hydroxyl, 
carboxyl, and linear and branching alkyl groups; 
X is selected from the group consisting of =0, -OH and -H; 
Y is selected from the group consisting of =S and -SR 5 , where is 
either hydrogen or an alkyl group; and 

each of the bonds (a), (b), and (c) independently is either a double or 
single bond, provided, however, that bond (a) and bond (b) are not 
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both double bonds. 

10. The method of claim 9, whemn in said compound 

each R, is hydrogen; 

R 2 and R 3 are each hydrogen; 

R4 is a methy] group; 

Xis =0; 

Yis =S; 

bond (a) is a double bond; and 

bonds (b) and (c) are each single bonds. 
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11. A method for decreasing necrosis, said method comprising 
contacting a cell with a chemical compound having the formula: 



wherein 

each of X, and X, is independently selected from the group 
consisting of =0, 

-OH and -H; 

R, is selected from the group consisting of hydrogen and a hydroxyl; 
R, is selected from the group consisting of hydrogen, sulfate, nitro 
and halide; and 

the bond (a) is either a single or double bond. 

12. The method of claim 11, wherein in said compound, 

each of X, and X 2 is =0; 

Rj is a hydroxyl group; 

R 2 is a nitro group; and 

the bond (a) is a double bond. 
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13. A method for decreasing necrosis, said method comprising 
contacting a cell with a chemical compound having the formula: 




wherein 



each R, is independently selected from the 
hydrogen, amino, halide, and hydroxyl; 
R* is selected from 



hydroxyl; 



halide, and 



R, is selected from the group consisting of hydrogen and methyl; and 
the bond (a) is either a single or double bond. 

14. The method of claim 13, wherein in said compound 

each R, is hydrogen; 

R2 is fluorine; 

R 3 is a methyl group; and 

the bond (a) is a double bond. 
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15. A method for decreasing necrosis, said method comprising 
contacting a cell with a chemical compound having the formma: 



wherein 



CH 3 ; 



each R is independently selected from the group consisting of H o 

the bond (a) is either a single or double bond; 

the bond (b) is either a single or double bond; and 

X is selected from the group consisting of =0, -OH and -H. 

16. The method of claim 15, wherein in said compound 
each R is CH 3 ; 

the (a) and (b) bonds are each a double bond; and 
X is =0. 



17. The method of any of claims 9, 11, 13, or 15, wherein said cell 
s capable of undergoing necrosis in the presence of zVAD-fmk and TNFa. 
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18. Th. mated of any of claims 9, II, 13, or IS, wherein said cell 
» capable of undergoing necreais in me presence of 2 VAD-fmk and DMSO. 

19. TOemethod ofanyofclauns9.il, 13, or 15, wherein said cell 
is mammalian. 



20. The method of claim 19, wherein said cell is human. 

21. The method of claim 19, wherein said cell is a neuron. 

22. The method of claim 19, wherein said cell is a rodent cell. 

23. The method of any of claims 9, 1 1, 13, or 15, wherein said 
compound is in a pharmaceutically acceptable carrier. 
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24. A method for treating a condition in a subject, said method 
compnsing the steps of administering a chemical compound havtog the 

formula: 




to said subject, in a dosage sufficient to decrease necrosis, wherein 

each R, is independently selected from the group consisting of 
hydrogen, methyl, carboxy, hydroxyl, methoxyl, ammo, and nitro; 
R 2 is selected from the group consisting of hydrogen, alkyl, and acyl- 
R 3 is selected from the group consisting of alkyl, acyl, halogen, 
hydrogen, or hydroxyl; 

R, is selected from the group consisting of methyl, hydroxyl, 

carboxyl, and linear and branching alkyl groups; 

X is selected from the group consisting of =0, -OH and -H; 

Y is selected from the group consisting of =S and -SR 5 , where R 5 is 

either hydrogen or an alkyl group; and 

each of the bonds (a), (b), and (c) independently is either a double or 
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single bom), provided, however, fe bond (a) and bond (b) are no. 
both double bonds. 

25. The method of claim 24, wherein in said compound 

each R, is hydrogen; 

R 2 and R 3 are each hydrogen; 

R4 is a methyl group; 

Xis=0; 

Yis=S; 

bond (a) is a double bond; and 

bonds (b) and (c) are each single bonds. 
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26. A method for treating a condition in a subject, said method 
comprising the steps of administering a chemical compound having the 
formula: 




to said subject, in a dosage sufficient to decrease necrosis wherein 

each of X, and X, is independently selected from the group 

consisting of =0, 

-OH and -H; 

R, is selected from the group consisting of hydrogen and a hydroxyl; 
R, is selected from the group consisting of hydrogen, sulfate, nitro, 
and halide; and 

the bond (a) is either a single or double bond. 

27. The method of claim 26, wherein in said compound 

eachofX.andXjis^; 

Ri is a hydroxyl group; 

R 2 is a nitro group; and 

the bond (a) is a double bond. 
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28. A method for treating a condition in a subject, said method 
comprising the steps of administering a chemical compound having the 
formula: 




to said subject, in a dosage sufficient to decrease necrosis wherein 

each R, is independently selected from the group consisting of 
hydrogen, amino, halide, and hydroxyl; 
R, is selected from the group consisting of hydrogen, halide, and 



hydroxyl; 



R, is selected from the group consisting of hydrogen and methyl; and 
the bond (a) is either a single or double bond. 

29. The compound of claim 28, wherein in said compound 

each R, is hydrogen; 

R2 is fluorine; 

R 3 is a methyl group; and 

the bond (a) is a double bond. 
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30. A method for treating a condition in a subject, said method 
comprising the steps of administering a chemical compound having the 

formula: 



v. 



5 

CH 3 ; 



to said subject, in a dosage sufficient to decrease necrosis wherein 

each R is independently selected from the group consisting of H o 



the bond (a) is either a single or double bond; 

the bond (b) is either a single or double bond; and 

X is selected from the group consisting of =0, -OH and -H. 

31. The compound of claim 30, wherein in said compound 
each R is CH 3 ; 

the (a) and (b) bonds are each a double bond; and 
Xis =0. 



32. The method of any of claims 24, 26, 28, or 30, wherein said 
15 condition is a neurodegenerative disease. 
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33. The method of claim 32, wherein said neurodegenerative 
* is selected from the group consisting of Alzheimer's disease 
Huntington's disease, cerebral ischemia, stroke, amyotropic lateral sclerosis, 
multiple sclerosis, l*wy body disease, Menkes, disease, Wilson d 
5 Creutzfeldt-Jakob disease, and Fahr disease. 



34. The method of any of claims 24, 26, 28, or 30, wherein said 
condition is selected from the group consisting of ischemic brain injury, 
ischemic heart injury, and head trauma. 

35. The method of any of claims 24, 26, 28, or 30, wherein said 
10 subject is a mammal. 

36. The method of claim 35, wherein said subject is a human. 

37. The method of claim 35, wherein said subject is a rodent 

38. A method for identifying a compound that decreases necrosis, 
the steps of : 



15 (a) providing a cell in which apoptosis is prevented; 

(b) contacting said cell with a first compound that causes a cell to 
undergo necrosis; 

(c) contacting said cell with a second compound; and 

(d) measuring necrosis relative to a control cell, 

20 wherein a decrease in necrosis indicates that said second compound decreases 
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39. The method of claim 38, wherein said apoptosis is prevented by 
contacting said cell with zVAD-fmk. 



40. The method of claim 38, wherein said first compound is TNFa 

orDMSO. 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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